Intra-cardiac transplantation of undifferentiated skeletal muscle cells (myoblasts) has emerged as a promising therapy for myocardial infarct repair and is already undergoing clinical trials. The fact that cells originating from skeletal muscle have different electrophysiological properties than cardiomyocytes, however, may considerably limit the success of this therapy and, in addition, cause side effects. Indeed, a major problem observed after myoblast transplantation is the occurrence of ventricular arrhythmias. The most often transient nature of these arrhythmias may suggest that, once transplanted into cardiac tissue, skeletal muscle cells adopt more cardiac-like electrophysiological properties. To test if a cardiac cell environment can indeed modify electrophysiological parameters of skeletal muscle cells, we treated mouse C2C12 myocytes with medium preconditioned by primary cardiocytes and compared their functional sodium current properties with those of control cells. We found this treatment to significantly alter the activation and inactivation properties of sodium currents from "skeletal muscle"-to more "cardiac"-like ones. Sodium currents of cardiacconditioned cells showed a reduced sensitivity to block by tetrodotoxin. These findings and reverse transcription PCR experiments suggest that an up-regulation of the expression of the cardiac sodium channel isoform Na v 1.5 versus the skeletal muscle isoform Na v 1.4 is responsible for the observed changes in sodium current function. We conclude that cardiomyocytes alter sodium channel isoform expression of skeletal muscle cells via a paracrine mechanism. Thereby, skeletal muscle cells with more cardiac-like sodium current properties are generated.
INTRODUCTION
Intra-cardiac transplantation of undifferentiated skeletal myoblasts is a new therapy after myocardial infarction (recently reviewed in (21; 42)), and early clinical trials are promising (6; 12; 22; 37). In a cardiac environment, transplanted myoblasts retain their ability to fuse with each other, and form contractile differentiated skeletal muscle tissue (11; 23; 32). The actual mechanism responsible for the improvement of heart function after myoblast transplantation, however, remains to be explored.
The fact that skeletal muscle cells have different electrophysiological properties than cardiomyocytes very likely limits the efficacy of myoblast transplantation therapy. In particular, specific skeletal muscle cell electrophysiological features (functional ion channel properties and lack of connexin 43 expression) do not allow for proper cardiac-like impulse conduction (e.g. (35)) and, thus, may prevent recovery of heart function by synchronous contraction of the skeletal graft with cardiac host tissue. Induction of cardiac-like electrophysiological properties in skeletal muscle cells-if possible-would be a strategy to overcome this problem.
Transplantation of cells with "unfitting" electrophysiological properties into the heart may also cause side effects. In fact, serious ventricular arrhythmias occur (recently reviewed in (27)), and cases of sudden cardiac death have been reported after myoblast transplantation. (19) suggested that the introduction of skeletal muscle cells with unfitting electrophysiological properties into cardiac host tissue could result in heterogeneities in action potential (AP) conduction, thereby setting the stage for arrhythmias. The interesting observation that the arrhythmias after myoblast transplantation most often occur only transiently (in the initial weeks) (e.g. (7; 19; 20; 37; 41)) may imply that, once transplanted into cardiac tissue, skeletal muscle cells adapt their 3 electrophysiological properties towards more cardiac-like ones, and this may finally reduce their arrhythmogenicity.
To test if electrophysiological parameters of skeletal muscle cells do indeed shift towards more cardiac-like ones in a cardiac milieu, for this study, we designed a simple in vitro system. We treated mouse C2C12 skeletal muscle cells with differentiation medium preconditioned by primary cardiocytes and compared their functional sodium (Na + ) current properties with those of control cells. We chose to study Na + currents for two reasons: First, Na + currents exhibit strong and well defined functional differences between skeletal and cardiac muscle cells (e.g. (24; 44; 45)). Thus, emerging adaptations of their functional properties towards more cardiac-like ones can easily be judged. Second, skeletal muscle-like Na + current properties are not suited for the electrophysiological requirements of the heart and may disturb proper AP conduction, thereby generating arrhythmias. Namely, in the heart, long-lasting (several hundred ms) and repetitive (>1 Hz) depolarization is a normal characteristic of cardiomyocyte function. Under such conditions, skeletal muscle (Na v 1.4) Na + channels (in contrast to cardiac (Na v 1.5) Na + channels) would undergo almost complete slow inactivation within a few minutes (31; 35). Consequently, the strong tendency of skeletal muscle Na + channels to enter slow inactivation, and their tardy recovery thereof, would prevent repetitive firing of APs at rates > 1 Hz (35) typical for the heart. The potential arrhythmogenicity of skeletal muscle-like Na + current properties in the heart is supported by the fact that naturally occurring cardiac Na + channel mutations, which enhance slow inactivation, generate life-threatening arrhythmias (43; 46).
We found that prolonged treatment of C2C12 skeletal muscle cells with medium preconditioned by primary cardiocytes significantly alters basic functional properties of Na + currents from "skeletal muscle" to more "cardiac-like" ones. Some of the results have previously been published in abstract form (48) . 
MATERIALS AND METHODS
A detailed description of Materials and Methods is given in (49) .
Cell culture and conditioning. Mouse C2C12 skeletal muscle cells (CRL-1772; American
Type Culture Collection, Manassas, VA) were grown and differentiated on matrigel-(Becton Dickinson, Schwechat, Austria) coated culture dishes as previously described (49) .
Cardiac primary cultures for the conditioning procedure were prepared from healthy neonatal Wistar rat (2-3 days old) hearts in accordance with a protocol described in (38).
Cardiocytes were prepared from rat rather than from smaller mouse hearts in order to provide sufficient cell material for the conditioning procedure. Similarly, (14) and (10) used co-cultures of rat cardiomyocytes and mouse myoblasts. After thoracotomy, hearts were removed, placed in a culture dish containing ice cold growth medium (GM), and freed from connective tissue under microscopic control. Cardiac tissue was mechanically dissociated in GM and repeatedly forced through the tip of a 10 ml pipette. Thereafter, the tissue homogenate was mixed 1:1 with a "solid tissue digestor" (RPMI-1640 medium, 10% fetal calf serum, 50 U/ml penicillin, 50 Hg/ml streptomycin, 5 mM L-glutamin, 278 U/mg collagenase type I (Sigma, Vienna, Austria)) in order to isolate cardiocytes by proteolytic digestion. This mixture was shaken for three hours at 37°C.
Afterwards the cell suspension was centrifuged (1200 rpm, 5 min), and the pellet was re-suspended in PBS. After another centrifugation step, the pellet was re-suspended in GM and, consecutively, filtered through a cell strainer (40 Hm). The filtrate was centrifuged, and the pellet was again resuspended in GM. Finally, this cell suspension was plated on matrigel-coated dishes. Matrigelcoating was used in order to inhibit fibroblast proliferation (18) and support cardiomyocyte As soon as the rat cardiac primary cultures showed "beating areas" (normally after 24-48 h in DM), which contracted spontaneously in a repetitive manner, cardiac cellular supernatant (1,5 ml collected per 35 mm dish) was collected every 48 hours and strained using a sterile filter to remove cellular debris. C2C12 cultures were conditioned with such cardiac cellular supernatant as follows:
48 hours after induction of differentiation in C2C12 cultures, the standard DM (2 ml per 3.5 mm dish) was replaced by a mixture of 0.5 ml of fresh DM and 1.5 ml of cardiac cellular supernatant.
Fresh DM was applied in order to guarantee supply with nutrients. The described medium transfer procedure was performed every 48 hours and continued for 10-14 days. C2C12 cells which were treated like this are termed "cardiac-conditioned cells" throughout the text.
Using the identical procedure, other C2C12 cultures were treated with DM preconditioned by 100% confluent N1E neuroblastoma cell or cardiac fibroblast cultures. In some experiments, the cardiac cellular supernatant was boiled for 5 min prior to transfer onto C2C12 cells.
In parallel, using the same time schedule, every 48 hours, other C2C12 cultures were incubated in a mixture of 0.5 ml of fresh DM and 1.5 ml of DM which had been preconditioned by differentiated C2C12 cells for 48 hours. Cells which were treated like this are termed "control cells"
throughout the text. This procedure guaranteed that both control and conditioned cells were supplied with fresh and preconditioned DM, and thus, allowed for direct comparison.
For fibroblast-conditioning experiments, cardiac fibroblasts were enriched by a preplating step performed during standard primary cardiocyte preparation as in (33). Therefore, the cell suspension obtained at the end of the isolation procedure described above was preplated for 90 min on uncoated culture dishes in a 37°C CO 2 incubator. Thereafter, the supernatant (containing mainly cardiomyocytes) was removed and fresh GM was added. After 3-5 days, the fibroblasts formed uniform monolayers at which time they were split and preplated for 90 min again. To further DM was identical to GM except that it contained 2% horse serum (Invitrogen) instead of 20% fetal calf serum.
Immunofluorescence and immunoblotting. These experiments were performed as described in (49) .
Semiquantitative reverse transcription (RT-) PCR.
Total cell RNA was extracted using RNeasy extraction kit (Qiagen, Hilden, Germany), and reverse transcribed with "AMV reverse transcriptase" and oligo-dT primers (first strand cDNA synthesis kit; Roche, Basel, Switzerland).
Primers for the PCR reaction were designed in the 3' untranslated regions of the transcripts where the isoforms share almost no homology (skeletal muscle Na v 1.4 fw: 5'-TGAAGATCCCGCCTCCTGA-3'; Na v 1.4 rv: 5'-AGTTTGTCTTTGTCCTGGCTA-3'; cardiac Na v 1.5 fw: 5'-CGTGCCCTGTTGTATCCTG-3'; Na v 1.5 rev: 5'-CCAGCCAGGGTTGCTCGA-3').
These primers have already been used in our previous study (49 Electrophysiology. Na + currents were recorded from differentiated spherically shaped C2C12 cells (C2C12 myoballs) at room temperature (22 ± 1.5°C) using an Axoclamp 200B patch clamp amplifier (Axon Instruments, Union City, CA) as in (49) . Recording was begun about 10 minutes after whole cell access was attained in order to minimize time-dependent shifts in gating.
Pipettes were formed from aluminosilicate glass (AF150-100-10; Science Products, Hofheim, Germany) with a P-97 horizontal puller (Sutter Instruments, Novato, CA), heat-polished on a microforge (MF-830; Narishige, Japan), and had resistances between 1 and 2 M when filled with the recording pipette solution (105 mM CsF, 10 mM NaCl, 10 mM EGTA, 10 mM HEPES, pH = conductance, V rev is the reversal potential, V 0.5 is the voltage at which half-maximum activation occurred, and K is the slope factor. Na + current density was calculated by dividing the maximum peak inward current amplitude (normally at -25 mV) of a cell by its membrane capacitance (49) .
Resting membrane potentials were measured using the whole cell patch clamp technique in the current clamp mode. Potential values were detected shortly (1-3 sec) after the whole cell configuration was established in each experiment in order to minimize cell dialysis effects. In addition, for these experiments, large myoballs were chosen, and pipettes with higher resistances (2-3 M when filled with a KCl-(130 mM) based pipette solution), compared to those used for the Na + current measurements, were used. Steady-state inactivation data were fit with a Boltzmann Data are expressed as means ± SE. Statistical comparisons were made using two-tailed Student`s unpaired t-tests if not otherwise specified. A p < 0.05 was considered significant. (Table 1 ). In contrast, V 0.5 , the voltage at which half-maximum activation occurred, was significantly shifted to a more hyperpolarized value in cardiac-conditioned cells (Table 1) . These results suggest that prolonged treatment of C2C12 cells with medium preconditioned by cardiocytes affects macroscopic Na + current activation. Cardiac-conditioned cells activate at more hyperpolarized potentials.
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The Na + current densities of control and cardiac-conditioned cells were also estimated. The respective values obtained were 73 ± 12 (n = 8) and 77 ± 13 (n = 11) pA/pF, and not significantly different from each other. Similarly, no significant difference existed in the cell capacitance values which amounted to 31 ± 3 (n = 8) pF in control and 37 ± 6 (n = 11) pF in cardiac-conditioned cells.
The resting membrane potentials of control and cardiac-conditioned cells were -51 ± 5 (n = 8) and -49 ± 3 (n = 7) mV, respectively, and also not significantly different from each other.
Brief depolarizations (<50 ms) cause inactivation of Na + channels from which they recover with a single kinetic phase whose time constant is on the order of a few milliseconds. This inactivation process is called Na + channel "fast inactivation". The kinetics of fast inactivation is represented by the speed of the current decay following channel activation. Fig. 2A shows that the current decay was very rapid in control (upper traces), whereas markedly slowed in cardiacconditioned (lower traces) C2C12 cells. A quantitative kinetic value was obtained by analyzing the time period between the current peak and the time point at which the current had decayed to 50 % (decay half time, see arrows in Fig. 2C ). The decay half times were significantly increased in cardiac-conditioned compared to control cells (Table 1 ). These data suggest that the kinetics of fast (Fig. 3B ). Statistical analysis revealed significant differences both for the voltage at which half-maximum fast inactivation occurred (V 0.5 ), and the slope factor (K) ( Table 2 ).
These parameters were obtained by fitting the data with a Boltzmann equation (see Materials and Methods). Thus, the Na + currents of cardiac-conditioned cells fast inactivated at more hyperpolarized voltages, and their fast inactivation process was less voltage-dependent than that of Prolonged depolarizations (seconds to minutes) cause inactivation of Na + channels from which they recover with multiple kinetic phases whose time constants range over several orders of magnitude from tens of milliseconds up to tens of seconds. These kinetic phases of recovery can be summarized by the term "slow inactivation". The lower panel of Fig. 3 (C and D) shows a striking difference between the voltage-dependencies of slow inactivation in control (empty squares) and cardiac-conditioned (filled circles) cells (Fig. 3D) . In cardiac-conditioned cells, the fraction of channels which could be slow inactivated (fract SI ) was markedly decreased compared to the corresponding fraction in control cells (Table 2 ). This indicates that the Na + currents of cardiacconditioned cells are more resistant to the process of slow inactivation. Moreover, the relationship describing the voltage-dependence of slow inactivation was less steep in cardiac-conditioned than in control cells, as indicated by an increased slope factor (K) in Table 2 . In addition, the voltage at which half-maximum slow inactivation occurred (V 0.5 ) was shifted to a more hyperpolarized value in cardiac-conditioned cells (Table 2 ). These data suggest that the voltage-dependence of Na + current slow inactivation is significantly altered by prolonged treatment of C2C12 cells with medium preconditioned by cardiocytes.
All the experimental data from cardiac-conditioned C2C12 cells presented in Tables 1 and 2 were obtained after the cells had been exposed to a 10-14 day conditioning procedure. This comparatively long conditioning-time period was chosen because the electrophysiological properties of C2C12 cells change during differentiation before finally reaching a "mature electrophysiological state" after about 8 days (4). To test if changes in Na + current properties also occur on a shorter time scale, we treated other C2C12 cultures, for 3 days, with medium preconditioned by cardiocytes. We then tested if those Na + current parameters, which showed the Page 12 of 48
Copyright Information most pronounced differences between "standard" control and cardiac-conditioned cells (fast inactivation kinetics and voltage-dependence of slow inactivation), were also different between "short-term" control (for explanation see legend of Table 3 ) and short-term cardiac-conditioned cells. The Na + current parameters of short-term conditioned cells were significantly different from the control values except for parameter V 0.5 (Table 3) . Moreover, comparison with the respective data given in Tables 1 and 2 reveals that short-term (3 days) cardiac-conditioning generates qualitatively similar changes in C2C12 cell Na + current properties as standard "long-term" (10-14 days) cardiac-conditioning.
To exclude the possibility that the described effects of cardiac-conditioning on the Na + current properties of C2C12 cells were simply due to medium depletion by primary cardiocytes, we treated other C2C12 cultures, for 10-14 days, with medium preconditioned by a different cell type, N1E neuroblastoma cells. We then tested if, like cardiac-conditioning, "N1E-conditioning" was also effective. If so, an unspecific medium depletion effect, rather than a specific effect of cardiocytes, would become more likely. In contrast, the Na + current parameters of N1E-conditioned cells (Table   3 ) were similar to those of control cells (see Tables 1 and 2 ), suggesting that medium depletion by N1E cells was ineffective. In a second attempt to exclude a medium depletion effect by cardiocytes, we performed conditioning experiments (10-14 days) using 10 times-concentrated cardiacconditioned medium supplemented with appropriate amounts of fresh DM. We then tested if this conditioning procedure (in the presence of a large quantity of fresh DM) generated similar effects on the Na + current parameters of C2C12 cells as our standard cardiac-conditioning procedure (in the presence of a large quantity of preconditioned DM). This was indeed the case as can be recognized by comparison of the respective data given in Table 3 with those given in Tables 1 and 2 . Together, these results suggest that medium depletion effects can be neglected.
Cardiac fibroblasts play an important structural and functional role in the heart (5). These cells are, besides cardiomyocytes, normally also present in primary cardiac cell cultures in . In order to find out which of the two cell types was responsible for the observed conditioning effects, we generated cardiac fibroblast cultures (Fig. 4B) , and treated other C2C12
cultures, for 10-14 days, with medium preconditioned by fibroblasts. We then tested if "fibroblastconditioning" affected the Na + current parameters of C2C12 cells in a similar way as cardiacconditioning. We found no significant difference in any Na + current parameter between fibroblastconditioned (Table 3 ) and control (Tables 1 and 2 ) cells, suggesting that cardiac fibroblasts alone were ineffective. Thus, cardiomyocytes remain as origin for the effects of cardiac-conditioning.
Additional experiments were performed to test if proteins contained in the medium preconditioned by cardiocytes were responsible for the described effects. Therefore cardiac cellular supernatant was boiled in order to denaturate proteins prior to transfer onto C2C12 cells. The Na + current parameters of such cardiac-conditioned cells (Table 3) were similar to those of control cells (see Tables 1 and 2) suggesting that the effect of cardiac-conditioning was lost after protein denaturation.
Na + channel isoform expression in control and cardiac-conditioned cells. Comparison of
the Na + current parameters in our control and cardiac-conditioned cells (Tables 1 and 2 ) with studies using heterologous expression systems to investigate functional differences between skeletal muscle Na v 1.4 and cardiac Na v 1.5 Na + channels (24; 31; 36; 45) suggested that cardiac-conditioning generates more cardiac-like Na + current properties. Namely, these authors reported channel activation (36; 45), as well as fast and slow inactivation (24; 45), to occur at more hyperpolarized potentials in Na v 1.5 compared to Na v 1.4 channels. In addition, Na v 1.5 channels exhibited slowed kinetics of fast inactivation (24; 45), a reduced voltage-dependence of slow inactivation (24), and a Tables 1 and 2 ). This suggested that an up-regulation of the expression of Na v 1.5 versus Na v 1.4 channels could be responsible for cardiac-conditioning induced Na + current modulation. To test for the expected switch in Na + channel isoform expression, we compared the TTX-sensitivities of Na + currents in control and cardiac-conditioned cells. It is well known that the currents through Na v 1.5 channels are more resistant to TTX-block than Na v 1.4 channels. Thus, a shift in Na + channel isoform expression from Na v 1.4 towards Na v 1.5 should result in a reduced TTX-sensitivity. Fig. 5 (A-C) shows that the currents of cardiac-conditioned cells (filled circles)
indeed exhibited a reduced TTX-sensitivity. Two distinct populations of Na + channels, a TTXsensitive and a TTX-resistant fraction, could be clearly separated by fitting the data with a "two site binding" function (e.g. in Fig. 5C ). As shown in Table 4 were significantly different from each other. Thus, the TTX-sensitive Na + channel fraction in control cells amounted to 80% of the total channel fraction, whereas the corresponding value in cardiac-conditioned cells was reduced to 47% (Table 4) . These results strongly suggest a shift in Na + channel isoform expression from skeletal muscle Na v 1.4 towards cardiac Na v 1.5. In order to confirm these data, semi-quantitative RT-PCR experiments were performed. Fig. 5D shows that cardiac-conditioning significantly decreased and increased the amounts of PCR product of Na v 1.4
and Na v 1.5, respectively. This was true for each individual experiment performed (n = 8), and suggests down-regulation of Na v 1.4, and up-regulation of Na v 1.5 expression consistent with our TTX-experiments. Table 4 ), but leave a considerable amount of Na v 1.5 current (IC 50 ~ 1-1.5 HM), and thus, allow to selectively study Na v 1.5 Na + current properties. Cardiac-conditioned rather than control cells were selected for these experiments because only those exhibited sufficient Na + current during TTXsuperfusion (see Fig. 5A ). We found that TTX-treatment significantly shifted Na + current activation (Table 1) , as well as fast and slow inactivation (Table 2 ) of conditioned cells to even more hyperpolarized voltages. In addition, the Na + currents showed slowed fast inactivation kinetics (Table 1) , and a higher resistance to undergo slow inactivation ( Table 2) . The values of all these Na + current parameters of cardiac-conditioned cells lay in between those of control and conditioned cells treated with TTX. This is consistent with the idea that the Na + currents of cardiac-conditioned cells were partly carried by Na v 1.4 and Na v 1.5 channels.
The coexistence of two Na + channel populations in cardiac-conditioned cells is further (Table 2) consistent with an increased Na v 1.5 channel fraction in cardiac-conditioned versus control cells, and the highest Na v 1.5 channel fraction in TTX-treated conditioned cells. Moreover, a mixed population of Na v 1.4 and Na v 1.5 channels should also reduce the slope of the voltage-dependence of inactivation (8). Indeed, this was the case for both fast and slow inactivation in cardiac-conditioned compared with control cells (compare K values in Table 2 ).
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Taken together, these results strongly suggest that an increased fraction of Na v 1.5 channels accounts for the Na + current adaptations induced by cardiac-conditioning.
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DISCUSSION
In the present study, we show that residence of C2C12 skeletal muscle cells in a "cardiac milieu" shifts their functional Na + current properties from skeletal muscle-towards more cardiaclike ones. This is most likely achieved by an up-regulation of Na v 1.5 versus Na v 1.4 channel expression, both of which have previously been shown to be expressed in differentiated C2C12
cells (49) 
Electrophysiological adaptations of skeletal muscle cells in a cardiac cell environment. (17)
and (25) (17) and (25), we found more cardiac-like Na + current properties, and no significant change in Na + current density after residence of skeletal muscle cells in a cardiac milieu, (14)) and in the complex environment produced by an infarcted myocardium (17; 25). Alterations in Na + channel kinetics and expression occur in surviving cardiomyocytes after a myocardial infarction (13) Cardiomyocytes alter the Na + current properties of skeletal muscle cells via a paracrine mechanism. Our finding that medium preconditioned by primary cardiocytes increased the expression of Na v 1.5 versus Na v 1.4 in C2C12 cells may be caused by different mechanisms. First, during the conditioning procedure, cardiocytes may deplete medium nutrients, which could produce effects. Such a simple medium depletion effect, however, seems highly unlikely because our C2C12 cells were treated with a mixture of preconditioned and fresh medium. In addition, medium preconditioned by N1E neuroblastoma cells, which should also deplete the medium, did not produce any effects. Moreover, experiments with highly concentrated cardiac-conditioned medium, which allowed conditioning in the presence of a large quantity of fresh medium, produced similar Fig. 1 we show that myoblast differentiation is not inhibited by the conditioning procedure. These data were recently confirmed by (26) who used a similar approach and reported that cardiac milieu does not affect differentiation of skeletal myoblasts. From this we conclude that the effects on Na + channel expression reported here were not simply caused by inhibited differentiation of skeletal myoblasts in a cardiac milieu. Since neither medium depletion nor inhibited myoblast differentiation can account for the observed effects, third,
we propose a paracrine mechanism: cardiocytes secrete a single or several factors which modulate Na + channel isoform expression in skeletal muscle cells. Between cardiomyocytes and cardiac fibroblasts, we could identify the former, but not the latter cell type, to be effective. To our knowledge, this is the first experimental evidence suggesting cardiomyocytes to modulate an electrophysiological property of skeletal muscle cells via paracrine action. Importantly, a paracrine role for the heart has recently been suggested also in vivo (3), by which stem cell differentiation into cardiomyocytes is driven. Moreover, (1) proposed a paracrine effect of skeletal myoblasts on cardiomyocytes. Medium preconditioned by skeletal myoblasts prolonged AP duration in cardiomyocytes.
Currently, the identity of the cardiac factor(s) affecting Na + channel expression of skeletal muscle cells is unknown. As a first step to unravel its (their) nature, we boiled the medium Table 2 . "control (fresh medium)" were partly taken from our earlier study (49) . These C2C12 cells were differentiated for 12-16 days and, in contrast to "control cells" of this study, exclusively fed with fresh DM. "conditioned + 1 HM TTX" describes cardiac-conditioned C2C12 cells superfused with 1 HM TTX. To reduce current amplitudes, a low Na + bath solution (15 mM Na + ) was used in all experiments except of those described in row "conditioned + 1 HM TTX". Here 140 mM Na + had to be used to obtain sufficiently high current levels. Values represent means ± SE (n). * indicates a were mixed with fresh DM (9 proportions) to regain the original volume. "fibroblast-conditioned" describes C2C12 cells treated, for 10-14 days, with medium preconditioned by cardiac fibroblasts.
"boiled medium-conditioned" describes C2C12 cells treated, for 10-14 days, with medium preconditioned by cardiocytes which was boiled prior to application. Values represent means ± SE (n). * indicates a significant difference from "standard" control (see Tables 1 and 2 ) (p < 0.05). † indicates a significant difference from the respective appendant control (p < 0.05). The data points were fit with the "two site binding" function: y = Bmax 1 *x/(k 1 +x) + Bmax 2 *x/(k 2 +x). Bmax 1 and Bmax 2 are the relative contributions of a TTX-sensitive and a TTXresistant Na + channel fraction, respectively. k 1 and k 2 represent the respective 50% inhibitory constant (IC 50 ) values. In 3 out of 8 control cells, a TTX-resistant channel fraction was absent
